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NOTICE

The contents of this report reflect the views of the author who is responsible for the facts
and accuracy of the data presented herein. The contents do not necessarily reflect the
views or policies of the Mississippi Department of Transportation or the Federal Highway
Administration. This report does not constitute a standard, specification, or regulation.

This document is disseminated under the sponsorship of the Department of Transportation
in the interest of information exchange. The United States Government and the State of
Mississippi assume no liability for its contents or use thereof.

The United States Government and the State of Mississippi do not endorse products or
manufacturers. Trade or manufacturers names appear solely because the are considered
essential to the object of this report.
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CHAPTER 1: INTRODUCTION

The process of hot in-place recycling, as used for this project, involves heating the old as-
phalt pavement, milling, remixing the milled material with rejuvenator and new asphaltic
concrete, redistributing the materials, and compacting in-place. The reuse of the existing
asphaltic concrete pavement is desirable because of the decreasing supply and increasing
costs of raw materials. The remixing leaves the final grade almost the same, which allows
the user the option of rehabilitating only one lane of a multi-lane highway.

Background

Hot in-place recycling is usually performed by one of three methods:
1. heating the existing pavement, scarifying, adding rejuvenator, and compacting in-place;

2. heating the existing pavement, scarifying, adding rejuvenator, redistributing material,
adding new material on top of the recycled material, and compacting in-place;

3. heating the existing pavement, scarifying or milling, remixing of recycled materials with
rejuvenator and new asphaltic concrete, re-spreading the mixture , and compacting in-
(2]
place.

Objectives

This study was originally designed to monitor and evaluate the performance of the mix and
surface over five years. Properties of the recycled layer in the monitored sections were
determined and compared with another hot in-place recycling project and an overlay proj-
ect. The evaluation of performance was to also be based on ride quality as measured with
a South Dakota Profiler (SDP) and the overlay thickness computed from Dynamic Deflec-
tion Determination System (Dynaflect) and Falling Weight Deflectometer (FWD) deflection
data.

Scope

This research study was part of State Maintenance Project No. (54-0055-067-10) in Pike
county on I-55 from the Louisiana and Mississippi border and continuing north about 8.95
miles (14.4 km) (figure 1). The typical design section is shown in figure 2. The existing
pavement consisted of:

4.5in. (114 mm) or 10 in. (254 mm) variable thickness topping sail,

8 in. (203 mm) of roadbed topping for 8 in. (203 mm) of 4.5 percent cement treated
base or 6 in. (152 mm) of roadbed topping for 8 in. (203 mm) of 5.5 percent cement
treated base, and



5.5 in. (140 mm) of dense graded not plant mix.

The project was built in 1965 and was overlaid in 1984 with a single bituminous surface
treatment and 1 in. (25-mm) leveling course and 1.5 in. (38-mm) surface course.

The construction contractor specified for surface recycling 1.5 in. (38 mm) of 263,415 SY
(220 241 n?) of in-place pavement. The contractor recommended adding about 40 Ib/SY
(21.7 kg/m?) of new hot bituminous mix and about 0.15 to 0.20 gal/SY (0.68 to 0.91 L/m?) of
asphalt rejuvenating agent (e.g. ARA-1). A polymerized emulsion for the rejuvenator was
used some in the northbound lane (AES-300 RP).

The research plan included:

1.
2.

Two 2,500 ft. (762-m) monitoring sections of roadway for evaluation.

Existing properties of the hot in-place mix were determined such as; AC content, aggre-
gate gradation, and binder properties of viscosity, penetration and ductility.

Construction activities were documented in the monitoring sections such as, surface
temperatures and mix temperatures. Data pertaining to the cutting, mixing, compaction,
and finishing operations were obtained.

After construction, properties of the mix were obtained.

After construction condition of the reconstructed surface were taken, such as surface
transverse and longitudinal profile, and Dynaflect deflection characteristics.

Part 5 was repeated for five years. The existing pavement was tested to determine the
asphalt content at seven locations.



CHAPTER 2:DESIGN AND CONSTRUCTION

Description of Equipment

The remixing machine used on the project was the Wirtgen recycler (figure 3), which is
made in Germany. It was first used in the USA in 1983 and has been used in eleven
states.! It has completed over 7 million SY (5.6 million m?) and recycles from depths of 1%
in. to 3 in. (38.10 mm to 76.20 mm). The remixing is used on roads with asphalt, which has
a minimum penetration value of 15-20, rutting is less than 1 in. (25.4 mm) in depth, and
there are no structural deficiencies.

Two self-propelled infrared asphalt heaters operated from 100 to 300 yards (91 to 274 m)
ahead of the main recycling machine. The first pre-heater heats the surface to 190°F
(88°C) and the second one heats the surface to about 240°F (116°C). The use of infrared
heating, which the manufacturer claims, does not overly oxidize the existing asphalt ce-
ment.?! They keep the mix temperatures between 240°F and 275°F (116°C and 135°C) af-
ter the screed (figure 4).

The rejuvenating machines ran at about (three m/minute), milled 1% in. (31.75 mm) of
pavement, and added % in. (6.35 mm) of new asphalt for 1% in. (38.10-mm) total rejuve-
nated thickness. Up to 90 Ib/SY (48.83 kg/m?) of new material can be mixed with the ex-
isting material in the machine, which produces a uniform recycled hot mix

New material was placed in the hopper in the front of the machine. A conveyor belt then
moved it the length of the machine above the recycling process to a pugmill-type mixing
chamber. Behind the hopper were six banks of infrared heaters (figures 5). The softened
pavement was milled, formed into a windrow, and moved to the mixing chamber, where it
was mixed with the rejuvenator (figure 6) and new asphaltic concrete. The mixture was
then spread by reversing augers, leveled by a vibratory screed, and compacted with a
roller.

Construction

The hot in-place recycling section consisted of 7.688 miles (12.37 km) of Interstate 55 in
Pike County from about 10 miles (16.1 km) south of McComb to the Louisiana State line.
REMIXER CONTRACTING CO., INC. recommended adding approximately 40 Ib/SY (21.7
kg/m?) of new asphalt and 0.15 to 0.20 gal/SY (0.68 to 0.91 L/n?) of rejuvenating emulsion
(e.g. ARA-1). The contractor used polymer-modified emulsion instead of the normal reju-
venator north of station 300+00 (9 + 144.018) in both of the northbound lanes. Work began
on 8 Oct 91 and stopped for cold weather on 12 Dec 91. Work resumed on 9 Mar 92 and
finished on 22 Apr 92.



Economics

The total cost of the project was $1,939,934.60 for the 263,415 SY (220 241 nt) of surface
recycling. The cost per square yard is calculated in Table 1.

Table 1. Recycling costs.

ITEM MO [DESCRIPTION LINIT [ QUANTITY JUNIT PRICE [AMOUNT L=
SURFACE RECYCLING
A02-A, OF EXIST BIT PAVE =Y 263 415 1.7 §447 80560 | § 1.70
402-B REJNWENATING AGENT |GG 52 BE3 165(F 7902450 1% 030
A402-C VIRGIN HOT BIT ME- t B 555 35| §230 47500 % 057
=T

For hot bituminous surface course costing $35/ton ($38.58/metric ton), a 1% in. (38 mm)
overlay would cost about $2.89/SY ($3.56/n).
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Figure 3. Wirtgen Remixer train.

Figure 4. Leveling auger and screed.



Figure 6. Adding rejuvenator.



Figure 7. Control panel.

Figure 8. Before and after.



CHAPTER 3: TEST RESULTS AND DISCUSSION

Dynaflect and Falling Weight Deflectometer Testing

The Dynaflect measures pavement deflection induced by an applied load. It is an electro-
mechanical system consisting of a dynamic force generator and a motion measuring sys-
tem, which is mounted on a towed trailer. The five motion sensing geophones are sus-
pended from the towing arm of the trailer. The first geophone is between the steel wheels
and the other four geophones are at 12 in. (305-mm) intervals in front of the first geophone.
The generator produces a vertical force, which varies at the rate of eight cycles/second.
This is applied to the pavement though a pair of rigid steel wheels, which are 20 in. (508
mm) apart. The total force applied to the pavement consists of the static load of the instru-
ment trailer, which is 1,600 pounds (7.1 kN), plus the dynamic force which consecutively
add to and subtracts from this load. The peak to peak excursion of the dynamic force is
1,000 pounds (4.4 kN).

A Falling Weight Deflectometer (FWD) replaced the Dynaflect in 1995. The FWD simulates
the pulse load applied by a 18,000-pound (80-kN) axle load moving at about 48 mph (77
km/hr). A 440-pound (200-kg) weight is raised up a mast and dropped a spring-loaded
plate which is about 12 in. (305 mm) in diameter. This produces a 9,000-pound (40-kN)
impact dynamic force with a loading time of 25-30 milliseconds. The pulse wave is de-
tected by transducers located at the center of the plate and at various distances away from
the plate.

The entire project was tested with the Dynaflect on 10 Apr 91. In the northbound lane, 41
Dynaflect readings were taken at 1,000 ft. (304.8-m) intervals. In the southbound lane, 43
readings were taken at 1,000 ft. (304.8-m) intervals. Two 1,000 ft. (304.8-m) test sections
with readings taken at 100 ft. (30.48-m) intervals were used for later testing.

Table 2. Required overlay thickness before recycling.

MORTHBOUMND SOUTHEOUMD
DATE MNOTES overlay thickness [NOTES overlay thickness
10-Apr-91 141 readings on entire project [0.00" 0.0 mm) |43 readings on entire project [0.58" (14.7 mm)
10-Apr-31|Test section 0.33" 8.4 mm) |Test section 1.11" (28.2 mm)
25-Sep-91|Test section 0.28" 7.1 mm) |Test section 0.85" (21.6 mm)
The same two 1,000 ft. (304.8-m) test sections with readings taken at 100 ft. (30.48-m) in-
tervals were used for testing after the hot in-place recycling.

Table 3. Required overlay thickness after recycling.

MORTHEOUND SOUTHBOUND
DATE MNOTES overlay thickness [NOTES overlay thickness
9-Jul-92|Test section 0.00" 0.0 mm) [Test section 0.05" (4.3 mm)
12-A0y-93 | Test section 0.00" 0.0 mm)  |Test section 0.00" (0.0 mrm)
250-Aug-94 | Test section 0.00" 0.0 mm)  |Test section 0.56" (14.2 mm)
21-Sep-95|Test section (FWD) 0.00" 0.0 mm)  [Test section (FWD) 0.00" 0.0 mrm)
B-0ct-96|Test section (FWD) 0.00" 0.0 mm) [Test section (FWD) 0.00" 0.0 mm)




Roughness Testing

The roughness statistic International Roughness Index (IRl) was determined from the
roadway profile. The IRI is the ratio of the accumulated suspension motion of a vehicle,
divided by the distance traveled during the test at 50 mph (80 km/hr) and the units are me-
ters per kilometer of roughness. A perfectly smooth pavement has an IRl of zero and the
roughest pavements in the United States may have an IRI greater than five.

The entire project was surveyed for measurements of roughness with the SDP quarterly for
the evaluation period. The roughness tests were made at about 50 mph (80 km/hr). Four
trips were made on each test date. The runs on June 20, 1991, October 10, 1991, and
October 21, 1991 were before the pavement was recycled.

I-55 HOT IN-PLACE RECYCLING PROJECT #67-102
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Figure 9. IRIs on the project.

Testing of Asphalt Cement

Core and bucket samples were taken before and after the hot in-place recycling. Samples
were also taken off the trucks with the new material. Roadway cores were tested for vis-
cosity, penetration, ductility, percent asphalt content, and aggregate gradation.
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Table 4. Before REMIX samples.

DATE SAMPLE LOCATION & DESCRIPTION

Eight core samples in the narthbound lanes were taken in the center of the lanes at one-mile

5-Feb-91|intervals half way between the mile markers.
Eight core samples in the south bound were taken in the center of the lanes at one-mile {1.61-
7-Feb-91|km) intervals half way between the mile markers.

At station 305495 (8 + 357.378) in the northbound outside lane, 25 4" (101 .B-mm) diameter core

samples were taken with the electric core borer down to 3" (76.2 mm). 12 cores in the outer

wheel path at 2' (0.61-m intervals) and 13 cores in the middle of the lane at 2' [0.61-m) intervals
25-Sep-91 |were taken.

At station 189400 (5 + 7B0.731) in the southbound outside lane, 25 4" (101.6-mm) diameter core

samples down to 3" (76.2 mm) were taken. 12 cores in the outer wheel path at 2' ({0.61-m)
25-Sep-91|intervals and 13 cores in the middle of the lane at 2' [0.61-m) intervals were taken.

The REMIX machines got to station 182+00 (5 + 760.731) in the southbound outside lane, where

the earlier cores were taken. Four buckets of samples were collected. The second was fram
17-Mar-32|the heated pavement.

The REMIX machines got to station 189400 (5 + 760.731) in the southbound outside lane, where

the earlier cores were taken. Four buckets of samples were collected. The fourth was deeper in
17-Mar-82[the heated pavemnent.

The REMIX machines got to station 307400 (@ + 357.378) in the northbound out-side lane, where

the earlier cores were taken. Three buckets of samples were collected. The second was from
16-Apr-92 [the heated pavement.

Table 5. New asphalt samples off truck.

DATE SAMPLE LOCATION & DESCRIPTION

The REMIX machines got to station 182+00 (5 + 760.731) in the southbound outside lane, where

the earlier cores were taken. Four buckets of samples were collected. The first was new
17-Mar-82|asphalt from the truck.

The REMIX machines got to station 30700 (2 + 357.378) in the northbound out-side lane, where

the earlier cores were taken. Three buckets of samples were collected. The first was new
16-Apr-82 [asphalt from the truck.
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Table 6. After REMIX samples.

DATE

SAMPLE LOCATION & DESCRIPTION

17-Mar-92

The REMIX machines got ta station 183+00 (5 + 7¥B0.731) in the southbound outside lane, where
the earlier cores were taken. Four buckets of samples were collected. The third was the
recycled mix with the rejuvenator added.

16-Apr-52

The REMIX machines got to station 306+00 (@ + 357.378) in the northbound out-side lane, where
the earlier cores were taken. Three buckets of samples were collected. The third was the
recycled mix with the palymer rejuvenator added.

g-Jul-52

At station 189400 (5 + 7B0.731), in the southbound outside lane, 15 4" {101.6 mm) diameter
core samples were taken down to 3" (76.2 mm). Seven cores were taken in the outer wheel
path at 2' ( 0.61-m) intereals and eight cores were taken in the middle of the lane at 2' (0.61-m)
intervals.

g-Jul-92

At station 30610 (8 + 357 .378) in the northbound outside lane, 15 4" (101.6-mm) diameter
care samples were taken. Seven cores were taken in the outerwheel path at 2" {0.61-m)
intervals and eight cores were taken in the middle of the lane at 2' ([0.61-m) intervals.

20-Sep-94

In the southbound outside lane, at station 189+00 (5 + 786.335) 15 4" (101 .6-rmm) diameter core
samples down to 3" [ 76.2 mm) were taken. Seven cores were taken in the outer wheel path at
2'(0.67-m) intervals and eight cores were taken in the middle of the lane at 2' (0.61-m) intervals.

20-Sep-94

In the northbound outside lane, at station 306+00 (9 + 362.256), 15 4" (101.6-mm) diameter care
samples down ta 3" (7B.2 mm) were taken. Seven cores were taken in the outer wheel path at
0.61-m intervals and eight cores were taken in the middle of the lane at 2' [0.61-m) intervals.
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Figure 10 displays the comparison of the average viscosities, figure 11 displays the com-
parison of the average penetration, figure 12 displays the comparison of the average
ductlities, and figure 13 displays the comparison of the average percent asphalt concrete.
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Figure 10. Average viscosity of samples.
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Figure 11. Average penetration of samples.
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Figure 12. Average ductility of samples.
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Table 7 presents the differences of four properties of asphalt samples taken more than two
years apart. Figure 14 and Table 8 present the differences in gradation of the asphalt sam-

ples.

Table 7. Differences in properties of asphalt cement after more than 2 years.

AVERAGE

AWVERAGE AVERAGE AVERAGE  |PERCENT

DATE VISCOSITY FEMETRATION @ |DUCTILITY & |ASPHALT

SAMPLED  |{Poises) i@ 140°F |77°F 0.1 mm 77°F, cm COMNCEETE
05-Jul-92 49 5745 365 11.8 b.0
20-Sep-54 59,491.0 39.5 17.5 5.1
FPERCEMT

CHANGE 20.0% 8.2% 43.9% 2.7 %
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Figure 14. Sample gradations before and after recycling.

Table 8. Differences in gradations after more than 2 years.

DATE

=AMPLED 34" 142" 348" [N A [MD G{NO, 16| NO 30 [NO S0 | ND 100 ND 200
03-Jul-92 100.0 1000)] 969 BY93| 527 433 535] 150 22 7.3
20-Sep-94 100.0 996 9545 BR4| 533 435 3F3E| 163 10.0 7.4

FERCENT

CHAMGE 0.0 -0.4%) 04%| 01%) 1.1%| 03%| 0.3%| 85%| 8.7%[ 8.2%
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Core samples were taken to the testing laboratory where specific gravities were deter-
mined. Asphalt cement was extracted from the cores to determine the asphalt cement
content and gradation testing was performed. The asphalt cement was recovered from the
cores by the Abson process and tested for viscosity, penetration, and ductility.
Cores were tested for viscosity, penetration, ductility, voids, density, specific gravity, per-

extracted

Comparison of hot in-place cores with overlay cores

cent asphalt content, and aggregate gradation.

Core samples were taken from:

1. the hot in-place recycling project south of McComb (Table 9),

2. the hot in-place recycling projects south of Meridian on 1-59 and east of Meridian on I-
20 (Table 9),

3. from an overlay project (Table 10) east and west of Forest on I-20.

Table 9. Description of location of cores that have been hot in-place recycled.

DATE

SAMPLE LOCATION & DESCRIPTION

south of MeComb on 55, In the southbound outside lane, at station 189434 (5 +
786.335), fiteen 4" (101.6-mm) diameter core samples down to 3" (76.2 mm) were taken.
Seven cores were taken in the outer wheel path at 2' (0.61-m) intervals and eight cores

20-Sep-94 [were taken in the middle of the lane at 2' {[0.61-m intervals),

south of McComb on 55, In the northbound outside lane, at station 307 +16 (3 +
362.256), fifteen 4" (101.6-mm) diameter core samples down to 3" (76.2 mm) were taken.
meven cores were taken in the outer wheel path at 2 (0.61-m) intervals and eight cores

20-5Sep-94 were taken in the middle of the lane at 2' {0.61-m) intervals.

=outh of Meridian in the southbound outside lane of 159 at the end of the Dynaflect test
section at about mile marker 145, fifteen 4" (101 6-mm) diameter core samples down to 3"
(76.2 mm) were taken. Seven cores were taken in the outer wheel path at 2' [0.61-m)

11-0ct-84 [intervals and eight cores were taken in the middle of the lane at 2' {0.61-m) intervals.

West of Meridian in the westbound outside lane of 20 and 59 near the first bridge past
the Alabama State line at about mile marker 172, fiteen 4" (101.6-mm) diameter care
samples down to 3" (76.2 mm) were taken. Seven cores were taken in the outer wheel
path at 2' (0.61-m) intervals and eight cores were taken in the middle of the lane at 2' (0.6

11-Oct-94 |m) intervals.

Table 10. Description of location of cores from overlay on 1-20.

DATE SAMPLE LOCATION & DESCRIPTION
[-20 west of Forest in the easthound outside lane at mile marker 83, Fifteen 4" (101 5-rmm)
diameter core samples down to 3" (76.2 mm) were taken. Seven cores were taken in the
outer wheel path at 2' {0.61-m) intervals and eight cores were taken in the middle of the
15-Nowv-34 |[lane at 2' ([0L.61-m) intervals.
[-20 west of Forest in the westbound outside lane at mile marker 35 Fifteen 4" (101.5-
mrm) diarmeter core samples down to 3" (76.2) mm were taken, Seven cores were taken in
the outer wheel path at 2' ([0.61-m) intervals and eight cores were taken in the middle of the
15-Mov-34 [lane at 2' (0.61-m) intervals down to 1.5" (38 mm) because they all broke off there.
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Table 11. Comparison of average properties of cores, data for figures 15, 16, 17, 18, 19,

20, and 21.
AVERAGE AVERAGE| AWERAGE AVERAGE| AVERAGE
YVISCOSITY| PENETRATION| DUCTILITY | AVERAGE | AVERAGE| mMAXIMUM|  PERCENT
{icy 140°F fice 77°F 0.1 (i@ 77°F,| PERCENT| DEMNSITY| SPECIFIC| ASPHALT
LOCATION Poises) mirm) CrT) YOIDS| (poundsA™)| GRAVITY| CONCRETE
#1 155 SOUTH OF
tMeCOMB AVERAGE
(RECYCLED) 55.431.0 38.5 17.5 47 139.58 23 5.1
#2 1-59-20 NEAR MERIDIAN
AVERAGE (RECYCLED) 9,564.0 43.5 728 23 150.8 25 5.4
#3120 NEAR FOREST
AVERAGE [CONTROL) 3.878.8 328 150.0 4.6 142.6 2.4 5.6
PERCENT CHANGE FROM
# T0 # -83.4% 10.1% I57% -50.7% 7.8% 5.4% -11.4%
PERCENT CHANGE FROM
#1 TO #3 -85.1% S17.1% 757 1% 0.8% 2.0% 22% B1%
PERCENT CHANGE FROM
# TO #3 -10.0% -24.7% 106.2% 101.3% -5.4% -3.1% 26%
AVERAGE WISCOSITY (@ 140°F Poises)
70,000
60,000
50,000
40000
=
8 o AYERAGE
] WISCOSITY
= 30,000 {Paises @
1400F)
20,000
10,000

-85 SOUTH OF McCOMB
AVERAGE (RECYCLED)

-59-20 NEAR MERIDIAN AVERAGE
(RECYCLELD)

LOCATION

20 NEAR FOREST AVERAGE
(CONTROL)

Figure 15. Average viscosities of samples.
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AVERAGE PENETRATION i@ 25°C 0.1 mm

50
45
40
35
= 30
=]
5 - B AVERAGE PENETRATION (@ 770F 0.1 mm) |
&
=
('8 )
820
15
10
5
0
#1 155 S0UTH OF McCOMB  #2 1-59-20 NEAR MERIDIAMN #3 |-20 NEAR FOREST
AVERAGE (RECYCLED) AVERAGE (RECYCLED) AVERAGE (CONTROL)
LOCATION
Figure 16. Average penetration of samples.
AVERAGE DUCTILITY @ 77°F
160.0
140.0
1200
100.0
E
=
5 80.0 B AVERAGE DUCTILITY  {
2 @ 770F, cm)
0.0
400
200
00
55 SOUTH OF McCOMB AVERAGE 1-59-20 MEAR MERIDIAN AVERAGE 120 NEAR FOREST AVERAGE
(RECYCLED) (RECYCLED) [CONTROL)
LOCATION

Figure 17. Average ductilities of samples.
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PERCENT AVERAGE YOIDS

155 SOUTH OF McCOMB AVERAGE
(RECYCLED)

AVERAGE WOIDS

1-59-20 NEAR MERIDIAN AVERAGE 120 NEAR FOREST AVERAGE
(RECYCLED) (CONTROL)
LOCATION

o AVERAGE
w0IDS

Figure 18. Average percent voids of samples.

DENSITY

152.0

180.0

143.0

146.0

144.0

142.0

140.0

138.0

136.0

134.0

155 S0OUTH OF McCOMEB
AVERAGE [RECYCLED)

AVERAGE DENSITY

-55-20 NEAR MERIDIAN AVERAGE 120 NEAR FOREST AVERAGE
(RECYCLED) (CONTROL)

LOCATION

o AVERAGE
DENSITY

Figure 19. Average densities of samples.
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SPECIFIC GRAVITY

245

245

IS
=

n
=

23

23

AVERAGE MAXIMUM SPECIFIC GRAVITY

O AVERAGE MaARIMUNM
SPECIFIC GRAMITY

I-55 SOUTH OF MeCOMB 1-59-20 NEAR MERIDIAM 120 NEAR FOREST
AVERAGE (RECYCLED) AVERAGE (RECYCLED) AVERAGE (CONTROL)
LOCATION

Figure 20. Average maximum specific gravities of samples.

PERCENT ASPHALT CONTENT

AVERAGE PERCENT ASPHALT CONCRETE

OAVERAGE PERCENT ASPHALT
CONCRETE

-85 SOUTH OF McCOMB 1-59-20 NEAR MERIDIAN l-20 NEAR FOREST
AVERAGE (RECYCLED) AVERAGE (RECYCLED) AVERAGE (CONTROL)
LOCATION

Figure 21. Average percent asphalt concrete in samples.
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PERCENTAGE PASSING

120.0

GRADATIONS

100.0 4

80.0 4

B0.0 4

40.0 4

20.0 4

0.0 4

34"

o# 55 S0UTH OF McCOME AVERAGE (RECYCLED)

m#2 -89-20 NEAR MERIDIAN AVERAGE (RECYCLED)

S

T

O#3 -20 NEAR FOREST AVERAGE (CONTROL)

T

348" MO 4 NO.8 NO.168 NO.30 NO. 50 NO.  NO.

SIEVE SIZE

100 200

Figure 22. Average gradations of core samples.
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Resilient Modulus Results

The resilient modulus values are used to evaluate the relative quality of materials and gen-
erate input for pavement evaluation and analysis.

Two cores from | 59, one core on | 20 at Forest, two cores on | 20 west of Meridian, one
core on | 55 southbound, and one core on | 55 northbound were tested at the University of
Mississippi. Figure 23 shows that the recycled asphalt had a lower average modulus than
the control pavement.

The resilient modulus values are used to appraise the quality of materials and help in
pavement evaluation and analysis. After the test sample is placed into the testing machine,
ten consecutive readings of load and deformation are taken. Then the sample is rotated
90° and ten more consecutive readings of load and deformation are taken and the values
are averaged. The entire testing procedure should be redone if the difference in average
Mg values is Imore than 10%.

The Resilient modulus is computed using the following formula:
Mg = (P * (m+ 0.2734))I(t * (?)) where P=load in pounds
m= Poisson’s ratio (usually 0.35)

t = thickness of specimen in inches

? = deformation in inches

RESILIENT MODULUS (psi)

500,000

700,000

&00,000

400,000

POUNDS/INCH?

400,000 B RESILIENT MODULUS (psi)|

300,000
200,000
100,000
0

# 155 SOUTH OF McCOMB #2 1-59 NEAR MERIDIAN #3 1-20 NEAR FOREST

AVERAGE (RECYCLED) (RECYCLED) AVERAGE (CONTROL)

LOCATION

Figure 23. Resilient modulus of samples.
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Discussion of Results

Structural

The required overlay thicknesses are provided in tables 2 and 3. The hot in-place recycling
solved the required overlay thickness requirement calculated from the Dynaflect and FWD.

The average IRIs on the project are presented in table 4 and figure 9. They show that the
hot in-place recycling reduced the average IRI on the project by 30.4 percent for the first
testing on 9 Jun 92. The last testing on 6 Dec 96 was 14.5 percent less than the 20 Jun 91.

Materials and mix analysis

The penetration tests performed by the contractor on the field studies were greater or equal
to the minimum value of 50 in 13 of 143 tests. The penetration tests performed by the Mis-
sissippi testing laboratory on the core samples were greater or equal to the minimum value
of 50 in only one of 10 penetration tests.

It was conclude in another study that: “ Limestone coarse aggregate is apparently a prime
contributor to longer pavement life as compared to chert gravel coarse aggregate,..."®

The 1-55 test section used chert gravel coarse aggregate, while the other sections had
limestone coarse aggregate.

The asphalt cement properties were consistant with most findings; the higher viscosity cor-
responded to lower penetrations and ductilities.

The average of the viscosities of the test samples in the I-55 test section was much higher
than the other samples.

The average penetration of the test samples in the I-55 test section was between the other
samples.

The average of the ductilities of the test samples in the I-55 test section was the lowest of
all the test samples.

The average of the voids in the northbound test sample was the largest of the test samples,
while having the lowest density.

The average of the maximum specific gravities of the samples in the 1-55 test section was
the lowest, while the average percent of asphalt concrete was the highest.

The average of the resilient modulus values of the samples in the I-55 test section was
lower than the other samples. This is probably due to the different types of gravel used in
the asphalt mix.
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CHAPTER 4: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The construction of this project followed the hot in-place recycling of 1-59 south of Meridian
which lasted from November 1989 to May 1990. This project was was originally scheduled
to be a Research Division study. Although some core data from I-59 was used from this
study, Dynaflect and SDP data would have been useful to compare with this study.

The reuse of the existing asphaltic concrete pavement can often be very desirable, because
of the decrease in new asphalt needed and as a safety factor because the finished grade is
essentially the same elevation as the existing pavement. The hot in-place recycling project
also produced a savings over the conventional design.

There were no major differences in the hot in-place recycling projects and the overlay proj-
ect in properties, which included viscosity, penetration, ductility, percent voids, specific
gravity, aggregate gradations, and resilient modulus.

Recommendations

This study found that pavements using reclaimed asphalt concrete material in the wearing
course mixes perform as well as pavements with normal mixes. However, the cost of each
type of pavement was found to be almost the same dollar/SY amount.
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APPENDIX A

ASPHALT TESTS
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Table 12. IRIs on the projects, data for figure 9.

I-55 HOT IN-PLACE RECYCLING PROJECT #657-102 FERCENT
DATE MORTH | SOUTH | NORTH | SOUTH |AVERAGE [LESE THANM

DUTSIDE| OUTSIDE| INSIDE | INSIDE IR 20-Jun-91 AVERAGE
BEFORE #1| 20-Jun-81| 1.88 1.58 1.77 1.77 1.75
REME: #2[10-0ct-81 ] 179 1.79
#3)21-0ct-31 [ 1.70 1.50 1.64

AFTER #1| 9-Jun-52 1.35 1.21 1.16 1.14 1.2 30.4%

REMI- #2| 1-Oct-52 1.39 1.20 1.19 1.15 1.23 2H.4%

#3) 21-Jan-93 [ 1.38 1.20 1.18 1.13 1.2 28.8%

#)189-Apr33 [ 1.33 1.28 1.21 1.27 1.27 1%

#| B-AugH3 [ 1.44 1.29 1.28 1.22 1.31 25.1%

A 11-Mow-33 [ 1.47 1.30 1.31 1.28 1.34 23.2%

# | 14-Feb-34 [ 1.45 1.31 1.32 1.28 1.34 23.2%

#19-May-84[ 1.56 1.36 1.51 1.32 1.44 17 6%

A 4-AugBd [ 1.50 1.37 1.33 1.39 1.40 19.9%

#10] 7-Now-34 1.43 1.30 1.31 1.26 1.34 23.4%

#11] 16-Feb-35 | 1.51 1.51 1.3 1.49 1.47 15.6%

#12) S-May-B5 | 161 1.66 1.56 1.92 1.69 3.3%

#13)13-Dec-95 | 1.60 1.30 1.44 1.33 1.43 18.1%

#14) 20-Mar-95 | 166 1.33 1.49 1.45 1.48 15.0%

#15) 11-Jun-965 [ 1.54 1.32 1.47 1.33 1.45 16.5%

#16| B-Sep-HB [ 1.74 1.35 1.46 1.40 1.49 14.8%

#17] B-Dec-86 | 1.77 1.35 1.45 1.40 1.49 14.5%

Table 13. Data for figures 10, 11, 12, and 13. Average asphalt cement properties before
and after recycling.

ANVERAGE
ANVERAGE ANVERAGE ANVERAGE PERCEMT
VMISCOSITY @ |PEMETEATION |DUCTILITY & ASPHALT
140°F @ 77°F 0.1 mm [77°F, cm COMNCREETE
BEFORE RECYCLING 57,134.0 21.0 5.1 5B
OFF OF TRUICK
WIRGIM MK 8a877.0 E1.5 53.0 5.4
AFTER RECYCLING 47 59012 38.8 15.6 .0
PERCENT CHAMGE -16.2% 54.8% 203.53% 7.1%
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Table 14.

Data for figure 14. Average gradations before and after recycling.

344" 1/2" 38" [NO A NO. 8 |ND 16 NO 30| NO &0 | NO 100 | NO 200
BEFORE
RECYCLING 100.0 100.0 9659 B9.4| A4.1 440 342 160 96 7.4
OFF OF TRUCK
MRGIN ML 100.0 100.0 952 726 526 429 316 a5 45 39
AFTER RECYCLING 100.0 995 955 BI5| 530) 434 3535 154 9.4 7.5
PERCENT CHANGE 0.0% 0.2% 0.0%| 0.2%| -20%] -1.4%| -1.9%] -3.6%] -2.0% 0.6%
Table 15. Average percentages of core gradations, data for figure 22.
LOCATION 1" 34" 12" 38" [NO.4[ NO. 8 |NO. 16|NQ. 30|NO. 50| MNO. 100 |MNO. 200
#1 -85 S0UTH OF McCOMB AVERAGE (RECYCLED) 100.0 100.0 BE 96.5| BB.4| 533 435] 336[ 163 10.0 7.9
#2 1-55-20 NEAR MERIDIAN AVERAGE (RECYCLED) 100.0 99.8 95.0 945 BE4| 807 437 351 17.4 1.3 7.6
#3 -20 NEAR FOREST AVERAGE (CONTROL) 100.0 99.8 975 906| 668 476 419 331 15.4 12.0 7.3
PERCENT CHANGE FROM #1 TO # 0.0% -0.2% S1E%| -21%[-1.4%) -4.8%[ 0.5%| 4.5%| 68% 127%)  -4.4%
PERCENT CHANGE FROM #1 TO #3 0.0%|) -02%| -21%| B51%[-3.7%|-10.7%[ -36%| -1.4%| 132% 19.7%| -85%
PERCENT CHANGE FROM # TO #3 0.0% 0.0%| -05%| -41%|-24%| -6.2%| -40%| -57%| B1% 6.2%| -4.3%

Table 16. Resilient modulus of samples, data for figure 23.

SUMMARY RESILIENT MODULUS (psi)| RESILIENT MODULUS {(MFa)
#1 1-55 S0UTH OF McCOME AVERAGE 246,703 1701
#2 I-54 NEAR MERIDIAN (RECYCLED) 434,450 2935
#3 =20 NEAR FOREST AVERAGE (CONTROL) 734,083 5 061
FERCENT CHANGE FROM #1 TO #2 /B1% B.1%
FERCENT CHAMNGE FROM #1 TO#3 187 6% 197 6%
FERCENT CHAMNGE FROM #2 TO #3 B9.0% £9.0%
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APPENDIX B

CONSTRUCTION DATA
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Table 17. Test strip information.

TABLE 17 a.
TEST STRIP OR ROADWYAY DEMSITY 10-5-91
SUBLOT NO. 1 2 3 4 ]
STATION | B5+53 E9+599 71423 7312 75+10
LOCATION FROM BASELINE] 104 LTCL | BOLTCL | 77LTCL | SOLTCL | SALTCL
CORE THICKNESS
DEMSITY |AIR WEIGHT 1057.7 B43.6 B45.0 6472 B44.7
WATER WEIGHT 600.4 3627 J85.0 369.7 3770
550 WEIGHT 1075.3 5425 B52.3 B58.65 657 .4
WOLUME 474.9 286.8 2873 238.9 290.4 |AVERAGE
SP. GRAWITY 229 2.244 2.180 2240 2.220 |DENSITY
hAK. SP. GRAY. 2.358 2.358 2.358 2.358 2.358
% DENSITY 94.4 95.1 92.4 95.0 94.1 94.2
TABLE 17 b.
TEST STRIP OR ROADWYAY DEMSITY 10-2-21
SUBLOT NO. 1 2 3 4 5
STATION | 57+53 594985 B0+595 52+50 B4+77
LOCATION FROM BASELINE
CORE THICKNESS
DEMSITY |AIR WEIGHT 530.0 6720 861.5 700.8 BOB.Z
WATER WEIGHT 293.7 366.3 478.5 381.8 333.8
550 WEIGHT 531.1 B73.4 g63.9 702.5 BOS.7
WOLUME 237 .4 307 1 384.1 3208 2759 |AVERAGE
5P, GRAMITY 2233 21585 2.244 2.184 2.204 |DENSITY
hAK, SP. GRAY. 2395 2.395 2.395 2395 2.398
% DENSITY 93.1 9.2 936 91.1 9149 92.2
TABLE 17 c.
TEST STRIP OR ROADWYAY DEMSITY 10-8-21
SUBLOT NO. 1 2 3 4 ]
STATION | 16+21 18443 20409 21406 23405
LOCATION FROM BASELINE
CORE THICKNESS
DEMSITY |AIR WEIGHT 9557 552.0 9906 967.0 721.5
WATER WEIGHT 534.7 J68.5 552.4 539.4 406.5
550 WEIGHT 956.4 B63.1 992 4 968.5 7223
WOLUME 421.7 2946 440.0 428.1 315.8 |AVERAGE
SP. GRAWITY 2.266 2247 2.251 2254 2.285 |DENSITY
MMAK. SP. GRAY. 2393 2.393 2.3593 2393 2.393
% DENSITY 94.7 939 84.1 94.2 95.5 94.5
TABLE 17 d.
TEST STRIP OR ROADWYAY DEMSITY 10-10-21
SUBLOT NO. 1 2 3 4 ]
STATION | 403+00 114407 416+ 425+40 430+39
LOCATION FROM BASELINE] BORTCL | BO0RTCL | 1MORTCL | 105 RTCL | 11.0RT CL
CORE THICKNESS
DEMSITY |AIR WEIGHT 3521 896.6 1286.4 1228.4 935.3
WATER WEIGHT 464.5 4962 705.2 690.7 515.0
55D WEIGHT 860.9 a01.2 12832 12337 8425
WOLUME 396.3 405.0 588.0 543.0 427 .5 |AVERAGE
SP. GRAWITY 2150 2214 2185 2262 2188 |DENSITY
Max, 5P GRAY. 2.368 2.366 2.366 2.368 2,366
% DENSITY 90.8 936 925 95.6 925 93.0
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COUNTY: PIKE
FROJECT WO.: 54-0055-01-067-10

CONTRACTOR REMIXER CONST. CO.

Table 18. Laboratory data set 1.

PROJECT ENGINEER: ALAN CROSS
FRODUCER OF WIRGIN MIx: DICKERSON & BOWEM, INC.

LT DATE  |EXTRACTIONS | STATION | 34" | 122" | 38 | Mod | MoB [Mo30]Mo50[No 200[Agy Bulk [JOB M| LOCATION | PEMETROMETER

WO MT-31) MO [ | [ | Sp. Grav. | AC % READINGS

TOTAL EXTRACTED JOB ME WEIGHT
100.0] 1000] 970] 66.0( B0.0[ 300] 37| &4

1 0B-Oct-91 1 1000 1000] se1| /02| s21[287] 122 BE| 2568 5,35 [EXIT # S0UTH 3
24 09-0ct®l 1 1000 1000 957 697 | B22| 21| 1556( 78| 256G 5,35 |EXIT #4 MORTH 205
2B 08-Octdl 1 1000 | 1000] 978 723| 545| 342| 163| EBE| 2568 5 35 |EXIT #8 S0UTH 34
34 10-0ct®l 1 1000 1000 957 B9.8| 50.0( 283] 24| EB4| 2EE8 535 |STA. 13 +258.52 26
36| 10-0ctdl 1 1000 | 1000 977 726 | 530| 328| 176| 88| 2568 536 [Inside 5 LANE 45
44 1-0ctdl 1 401+00] 1000 G981 | 952 64| 477|280 142 72| 2EE 5,35 [Inzside 5 LAME 45|
4B 11-Octd1 1 380+00] 1000 Sa0| 945| A7 | B0Z| 300 156| 78| 26 536 6
54 14-0ctdl 1 374+76] 1000 1000] 9/0] 656 | 479|289 145| BE| 2EE8 5,35 [sta 11 +422.402 43
5B 14-0ct 8l 2 353+50) 1000 1000 950 669 | 47.6| 367] 125| EBE| 2560 5,35 [sta 11 +079.500 42
B4 15-0ct8l 1 336+60] 1000 594 | 961 ma0| 496] 281 137 B4| ZEmA 5 36 [Inside 5 LANE 32
BE|  15-0ct®l 2 323+00] 1000 | 1000 952] B65| 485|278 120( 41 ] 535 30
7A 16-Octdl 1 256+90| 1000 | 1000| 9RB| ARA| 491|303| 10| BF| 2568 536 [N EBD LT SI0E 30
7B|  15-Octdl 2 277+85] 1000 5| 961 670 490] 298] 139 73] 25E 5.35 [N RAMP S
B4 17-Octdl 1 260+00] 1000 | 1000 997 | G456 | 464 | 2R5| 134| 54| 25EA 536 |RT LM LT SIDE 3
BE|  17-Octdl 2 237+40] 1000 1000 947] 664 | E0.0| 269 23| B2| 2EE8 £.35 |LT LM RT SIDE 35
94 18-Oct®l 1 2156+60| 1000 | 1000 954 B66| 49.7|399] 50| B8] 2568 5,35 [RT LM LT SIDE 34
96| 18-Octdl z2 J07+36] 1000 | 1000| 958 | GR7 | 496 | 296 141| BE| Z256A 536 |LT LN RT SIDE 35
0] 21-0ct8l 1 184+60] 100.0 oBB| o930 B38| 45| 2BE| 113 54| 2EE 535 |RT LM LT SIDE 33832
1A 22-0ct9] 1 137450 1000 | 1000 | ss0| /02| B1R| 282 132 68| 26m 536 |LT LN RT SIDE 30
1MB]  22-0ctd] 2 12300 100.0] 1000 s54] /0E| s0E| 290 130] B4 2568 5,35 |FT LM LT SIDE 30
12 20031 1 91+00| 1000 | 1000 950 700 | 512| 2A5| 123| 66| 256A 536 |LT LN RT SIDE 30
134 25-0ctdl 1 71+86] 1000 1000 971] /09| 535| 316] 46| B8] 2EE8 5,35 |RT LM LT SIDE 32
13b]  25-0ct®l 2 oA+25| 1000 1000 965] 71.0( 51.0( 397 ] 130 &1 2560 5.35 |RT LN RT SIDE 40
14 2E-0ctal 1 34+00] 1000 | 1000| 978 706| 525| 313] 139| B6| 256 5 36 |RTLNLT&LTLHRT 30|
18] 28-0ctHl 1|RAMP 1000 1000] 973] /07| 51.0( 30| 149] 70| 2EE8 5,35 |RT LM RT SIDE 30
6] OB-Moedt 1 31+50| 1000 | 1000 973| 730 53A| 336 | 163| 73| Z256A 536 32
17] O7-Movdl 1 45+15] 1000 | 1000 954 689 516| 327] 157| 78| 2£68 5.35 32
18] 13-Moedt 1 BE+I0| 1000 | 1000 978 | /03| 624|317 61| 71 P 536 [T LN LT SIDE 33 &0
19 13-Mowdl 1 95+00] 1000 | 1000 958 686 17| 323] 42| 7EB| 2EE8 535 LT LW LT SIDE 38 836
0] 1d-How 1 121+36[ 1000 1000 S0 711 625|321 146 BB| 26 5.35 |LT LN LT SIDE 35 8.39
21 15-Mov-31 1 397+76] 1000 | 1000] 968 | 730 517 | 234] 126| 54| Z256A 536 |LT LN LT SIDE 50 &35
2] 1B-Mowd 1 3p6+55| 1000 1000 977] 730 53.0( 305] 122| &8| 2EE8 536 |LT LM LT SIDE =0
23] 18-Howdl 1 17AH0 1000 | 1000 | 78| 728| 549 325 129 68|  26m 536 44 5 44
24]  15-Howd 1 391+400] 1000 1000 952 E8.2| 527| 313] 122| EBE| 2EE8 5,35 [RT LM RT SIDE 48 8,42
26| Z3Howdl 1 324410] 1000 | 1000 968 | A93| 492 | 27 8| 1146| 57| 256 536 |RT LM RT SIDE 48 8. 42
6] 23 Howdl 1 299+26] 1000 1000 959 B9.1| 488|282 118| &8 2EE8 .65 [RT LM RT SIDE 40 8 43
7] 06-Dec-M 1 512+00] 1000 1000 97 2] 726| 530 340] 147| BO| 2560 5,56 |RT LM RT SIDE 34
28] 07-Dec- 1]ExIT # 1000 1000 973] 721| 528|338 13| 51 2 ERA 565 |RT LM RT SIDE MOME
8] 09-Dec-H 1exT# 1000 1000] 976| /65| 596| 3/8] 128| &4 2EE8 565 |FT LM RT SIDE MOME
30| 10-Dec-dl 1 55+20| 1000 | 1000 9R2| 726 | 534| 335| 1146| 52| 256A 566 |RT LM RT SIDE 30
31 T1-Dec-91 1 10+00] 1000 100.0( 957 729 sa0| 337 17| 50| 2568 565 |RT LM RT SIDE 30
32| 17-Oecdl 1 103+30 1000 1000 | 945| ra9| 476|280 119 53| z6m 566 |RT LM RT SIDE 30
33 09-Mard2 1 171+25] 1000 1000 563 689 496] 290 142 ©58] 286 .65 |LT LM RT SIDE 31
34]  10-Mar2 1 20G+50) 1000 1000 953] B6.0| 499 | 396] 08| 53| 2560 5,66 |LT LM RT SIDE 34
36 1-Mard2 1 JRE+50] 1000 | 1000| 942 | GE3| 522|306 117| 63| Z256A 556 |LT LN RT SIDE 33
] 13-Mard2 1 248+50] 1000 1000 97.1] 725 545|319 132| &7 2EE8 565 |FT LM RT SIDE 42 8,39
37| 14-Mard? 1 2IG+75| 1000 | 1000 9AT| G789 | 01| 304] 14| 73| 25EA 566 |LT LN RT SIDE 38
3] 16-Mard2 1 210+35] 1000 1000 950 669 47.3| 2/7] 13.2| BO| 2E68 5.65 |LT LN RT SIDE 30 8,34
38| A7-Mard2 1 12+10] 1000 sa1| 943| n3| s2a| 23| 124 B3| z6m 566 |LT LN RT SIDE 49 8. 43
0] 19-Mar32 1 178+50[ 1000 1000 948 98] &17]| B8] 114 56| 266 565 |LT LW RT SIDE 45 8,31
7 20-MarE2 1 134+00[ 100.0] 1000 942 701| E24| 263 112 64| 2BE 5,66 |LT LM RT SIDE 44
42]  21-Mard2 1 122450 1000 | 1000 | 968 mRA| 475] 278 130] 58| & 566 |LT LN LT SIDE 44
23] 24-Mard2 1 10950 1000 to00| o7z /o] &33| 30| 122 47| 2EE 565 |LT LW LT SIDE EE]
44| PAMard? 1 74+00| 1000 | 1000 9AGF| 710| 521|308| 126| 54| 256 566 [T LN LT SIDE 3
25]  D6-Mard2 1 Be+00] 1000 | 1000 955] 69.2| 5001 | 22| 11.8| &0 2£68 565 |LT LW LT SIDE 41839
46| 7-Mard2 1 33+00| 1000 | 1000 9RB| AR7| 512| 2A8| 11&| 51 P 566 [T LN LT SIDE 3
27| 28-Mard2 1 77+00] 1000 1000 987|679 807|278 17| &1 ] 565 |LT LW LT SIDE 3
48] 30-Mar2 1 94+00) 1000 1000 S54| E7.2| 494| J0B] 124] 58] 2EES 555 |[RT LM LT SIDE 35837
23] 31-Mard2 1 12800 1000 1onn| 73] 711 B13] 288 111] &50] ZEmA 556 |RT LM LT SIDE 38 & 44
S0 O1-Apro2 1 258+00] 1000 1000 979 B985 | 51.3[ 307] 11.7| &2 2EE8 565 41 8,44
51 02-Apra? 1 283+00| 1000 | 1000 978 /04| 517|308] 14| 56| 256A 566 27 b 44
£2]  O3-Apro2 1 323+50] 1000 1000 986 699 51.8| 312] 20| 55| 2EE8 565 42 8,3
53| O7-Apraz 1 35A+00] 1000 | 1000 SAT| 716 | 532| 324| 146| 55| 2568 566 34,31, 833
£4]  OE-Aprd2 1 399+00] 1000 1000 957 /12| 523|326 153| B3| 2EEB 565 40,34, 8,53
E6]  O9-Apr2 1|WELCOME | 1000 G35| 994 27| AEE| 284 19B| BO| 2EER [ MOME
[ 10-Apra? 1[wC APR RMP| 1000 593 | ORE| R9A| B25| 313] 133 53| ZEmA 5B 33
57 11-Apraz 1 162+10[ 100.0| 1000 sS85 720 &23]| 318 119 =50] 25E 5.65 44
5 13-ApraZ 1 19100 1000 | 1000 | 50| AR | 491|303 116| 45| 26 566 30 & 34
EE] 15-Apraz 1 221+00] 1000 | 1000 984 /16| 526| 329 11.9] &1 2568 565 55 8,38
Bil 1-Apral 1 272+00] 1000 | 1000 978 | 706 | 546 | 338 136| B0 256 565 48 & 57
&1 17-Apral 1 327+50] 1000 1000 984 727| 534| 335] 123| E&| 2EEB 565 =3
B2]  D1-Aped2 1 377+00) 1000 1000 948 700 530( 337] 163] 77| 2EE8 [ 55 855
B3| 2rApra? 1|RAMP #8+F25] 1000 1000 | 966 | 712 538 337 | 150| £9| ZE6m 5 B 51
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CHARACTERISTICS OF LABORATORY

Table 19. Laboratory data set 2.

COMPACTED SPECIMENS

(MT-34 & MT-35)

LOT DATE SAMPLE | STATION| TEMPERATURE AR WATER S50 SPECIFIC
MO NUMEBER | NUMEER WEIGHT | WEIGHT |WEIGHT|VOLUME |GRAVITY |WOIDS [ WA | DIAL | STABILITY [FLOWY]
1a 08-0ct-591 1 210 1178.8 BE2.8) 1180.7 5178 2278 3.4 168 | 208 3025 12
Th 08-Oct-91 2 280 1177 .4 BEE.4) 11782 511.8 2.3M 25 159 | 239 3500 12
23 03-0ct-91 1 200 11770 B45.3) 11809 5356 2.198 8.3 193] 195 2883 12
2b 08-Oct-591 2 200 1183.5 B49.2) 1187.8 538.6 2197 g.4 194 158 2317 12
2c 05-Oct-91 3 270 1179.4 B59.0) 1183.0 524.0 2251 6.1 174 260 3857 12
2d 03-Oct-91 4 270 1181.2 BE56.8) 1187.0 530.5 2227 71 183 | 247 3614 12
Zapm 03-0ct-91 1 250 11796 Ba1.1) 11863 5352 2204 79 191 158 2317 11
2bpm 08-Oct-591 2 300 1137.6 BE2.1) 1167.8 5067 2308 3.5 163 243 3857 12
2cpm 05-Oct-91 3 300 1171.9 BE2.2) 11730 510.8 2294 4.1 168 | 248 3 B43 12
Jaam 10-0ct-91 1 230 11689 B31.9] 11951 5632 2075 | 124 238 g2 1047 10
3bam 10-0ct-91 2 250 11671 B43.8] 11751 2413 2156 9.0 208 1682 2218 11
Jcam 10-Oct-31 3 300 11691 B45.3) 1179.6 534.3 2.168 76 196 | 208 2952 12
Jdam 10-Oct-81 4 300 11711 B47.5) 1195.0 550.5 2127 | 102 219 138 1814 11
Japm 10-0ct-91 1 300 11726 BE4.5) 11735 509.0 2.304 25 186 | 310 4 575 12
3bpm 10-0ct-91 2 300 11749 BEd.4) 11757 4113 2298 28 168 | 298 4383 12
4aam 11-Oct-81 1 401400 300 1168.0 B63.0) 1169.4 506.4 2.308 2.1 1683 272 4 326 12
4bam 11-0ct-91 2| 350400 300 1161.4 BE9.5) 1182.2 8127 2.300 2.2 154 278 4100 12
deam 11-0ct-91 3 300 11793 B70.8) 11797 50589 2317 23 181 | 234 3 B9 12
ddam 11-0ct-91 4 300 11744 B67.9) 11750 a07.1 2318 23 181 21 3224 12
53 14-Oct-81 1 374+75 300 1180.7 B71.5 11814 509.9 2316 1.6 163 277 4 071 12
5b 14-Oct-91 2| 363+80 300 1178.7 B69.5) 1180.6 510.8 2310 1.8 15858 | 273 4014 12
A 14-0ct-91 3 300 1185.0 B70.8]) 11862 515.4 2299 33 166 | 248 3629 12
ad 14-0ct-91 4 300 118248 B71.5) 1183.4 4119 2310 29 182 281 3671 12
Ba 15-Oct-81 1 335+80 300 1178.3 BEB.O| 11774 5114 2.300 2.5 158 | 254 3717 12
6b 15-0ct-91 2| 323400 300 1182.2 BEG.5) 11835 51580 2.296 26 159 260 3857 12
G 15-0ct-91 3 300 116841 BEE.8) 11850 5168.2 2285 3.2 164 | 270 3 567 12
Gd 15-0ct-91 4 300 11844 BE3.5) 11855 522.0 2269 38 70| 256 37a0 12
7a 18- Oct-31 1 285+80 300 1185.5 BE1.6) 11874 5258 2.255 4.3 172 251 3EB71 12
7b 16-Oct-81 2] XTH5 300 1184.2 BES.1) 11853 5202 2276 3.8 163 ] 296 4350 12
Ga 17-0ct-91 1 25010 300 11847 BE1.7] 1186.8 5251 2256 4.5 17.0 | 340 5080 12
Gh 17-0ct-91 2| 23740 300 1177.9 B61.8) 1180.4 418.6 22N a0 164 291 4271 12
9a 18-Oct-31 1 215450 300 1189.5 BE3.7) 119058 526.8 2.258 4.4 171 ] 302 4 435 12
9b 18-0ct-91 2] 207435 300 1182.5 BE5.0) 1184.0 519.0 2278 38 16.4 | 286 4200 12
10a 21-Oet-91 1 184460 300 11851 BEE.9) 11856 5187 2285 35 166 | 303 4 450 12
10b 21-0ct-91 2| 164400 300 11819 B3B3 11831 524.8 22582 46 73] 289 4243 12
118 22-0ct-81 1 137480 300 1185.1 BEG.G| 11859 519.3 2.263 3.5 162 295 4353 12
11b 22-0ct-91 2] 123400 300 1161.8 B56.2) 1183.0 526.8 2243 5.6 177 | 286 4200 12
e 22-0et-91 3|VERIFY 300 116849 BEG4.3) 11856 521.3 2273 4.4 166 | 301 4425 12
12 24-0ct-91 1 91400 300 11878 B71.9) 11882 4163 23m 3.2 185 326 4817 12
13a 25-0ct-81 1 71+35 300 1184.9 BEG.5) 118558 517.0 2292 3.5 158 315 4 B850 12
13b 25-0ct-91 2 a6+25 300 1182.0 BE4.6) 1183.0 5184 2.260 3.3 163 | 2497 4367 -
14 26-Oct-91 1 34400 300 11856 BES.0) 11869 521.9 2272 4.5 165 | 300 4412 12
15 28-0ct-91 1[RAMP 300 11872 B/0.2) 11884 4182 229 4.5 164 | 420 6383 12
18 0B-Mov-51 1 31+50 300 1185.7 BEG.7) 1186.9 518.2 2.268 3.5 16.0 | 370 5850 12
17 07-Mov-81 1 45+15 300 1185.3 BE7.5) 1186.4 5188 2.264 3.9 162 ] 330 4 853 12
18a 12-Mow-31 1 B5-+HI0 300 11686.4 BEE.2) 11876 519.4 2284 4.0 16.0| 305 4 475 12
18b 12-Mow-31 2 77+20 300 1181.6 BEE.3) 11827 a14.4 2297 36 184 32 4612 12
193 13-Mow-31 1 95+10 300 1184.4 BEG.1) 11853 517.2 2.290 3.9 167 328 4850 12
19b 13-Mow-31 2| 420400 300 1182.7 BEG.1) 1183.6 8175 22685 3.3 158 ] 310 4 875 12
19¢c 13-Mow-31 3| 110480 300 11856 BES.7) 11867 518.0 2289 34 187 | 356 5317 12
20a 14-Mow-31 1 121435 300 1185.6 BE7.1) 11863 4192 2284 37 16.1 | 285 3733 12
20b 14-Now-31 2] 131480 300 1186.5 BE7.5) 1187.2 5194 2.264 4.3 16.1 ] 301 4 425 12
20c 14-Nov-31 3| 135485 300 1185.3 B70.1) 1186.2 516.1 2297 3.2 156 | 321 4733 12
21a 15-Movw-81 1 397 +75 300 11805 B55.6) 11832 5246 2250 49 68| 225 3288 12
21b 15-Mow-31 2] 159460 300 11854 BE0.6) 1186.4 5258 2285 46 72| 248 3629 12
21c 15-Now-31 3| 371480 300 1185.8 BE3.4) 1186.7 5233 2.266 4.3 166 | 305 4 475 12
22 16-Mov-31 1 366+55 300 1185.1 BEG.1) 1186.3 5818.2 2267 36 16.0 | 320 4717 12
23a 18-Mow-81 1 178+00 300 11686.2 B70.6) 1186.8 516.2 2298 30 186 | 220 3225 12
23b 18-Mow-31 2] 195400 300 11847 BED.5) 11854 4159 2298 33 167 | 224 327 12
24a 18-Nov-31 1 351400 300 11911 BEG.0) 11924 524 4 2271 31 166 | 216 3044 12
24b 18-Nov-31 2| 333480 300 1187.6 BE7.2| 11861 5208 2.260 3.2 162 212 3114 12
253 22-Mow-91 1 324+10 300 11922 BEE9.4) 1193.0 523.6 2277 3.1 166 | 270 3808 12
2ab 22-Mow-91 2] Ze+00 300 11902 BEE.7) 11918 5229 2278 ] 166 281 3964 12
2Ba 23-Mov-81 1 289+25 300 1 187.6 BE7.7) 1186.2 520.5 2.262 3.5 16.1 ] 295 4333 12
26b 23-Mov-51 2 300 1188.4 BEG.5) 1189.2 5204 2.264 3.3 161 ] 303 4 450 12
27 06-Dec-31 1 512+10 300 117849 BEO.S| 11794 518.9 2272 45 163 | 296 4350 12
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Table 19. Laboratory data set 2 (continued).

CHARACTERISTICS OF LABORATORY

COMPACTED SPECIMENS

(MT-34 & MT-35)

LoT DATE SAMPLE | STATION | TEMPERATURE AlR WWATER S50 SPECIFIC
1O NUMBER |NUMBER WEIGHT | WEIGHT [WEIGHT[VOLUME |GRAVITY [VOIDS | WMA | DIAL | STABILITY [FLOW
28 07-Dec-91 1 EAT #1 300 11836 BE3.5| 11849 521.4 2.270 47 16.7 | 306 4488 12
25 09-Dec-91 1EAT #1 300 1176.8 BE2.0| 1177.7 515.7 2.282 42 16.0 | 282 4143 12
30 10-Dec-91 1 95420 300 1178.3 BE2.7| 1179.4 516.7 2.280 441 162 290 4267 12
A 11-Dec-51 1 10-+00 300 1179.1 BE0.8| 1179.3 519.1 2.271 47 16.7 | 293 43000 12
32 12-Dec-91 1 103+30 300 1177.2 B57.0] 1179.4 522.4 2.253 45 169 293 4128] 12
33 05-Mar-52 1 111425 310 11758 BEO.S| 1177.3 516.8 2.275 40 166 | 287 4300 12
34 10-Mar-32 1 266450 300 12158 B89.5| 1216.5 527.0 2.307 3.8 151 225 324 12
35 12-Mar-32 1 268450 300 1182.2 BE1.8| 1183.2 521.4 2.267 49 16.8 | 200 3038 12
36a 13-Mar-32 1 248450 300 1178.2 BES.0| 1178.6 513.6 2.294 37 16.0) 179 2733 11
36b 13-Mar-32 2| 22840 310 1184.2 BEE.G| 1185.5 518.7 2.283 4.0 63| 173 2633 11
r 14-tar-52 1 216+75 300 1183.8 GE67.5| 1184.4 516.9 2.290 32 188 240 Jeld) 11
3Ba 16-Mar-52 1 210+35 300 1188.9 547.3] 1194.2 536.9 2.214 748 185 370 5238 11
3Bb 16-Mar-52 2 verif. 1193.7 657.5| 1202.4 544.9 2.191 8.7 19.4
3Be 16-har-92 3| 135400 300 1185.7 665.6] 1186.2 521.3 2.275 4.7 16.5 | 238 3586 11
383 17-Mar-92 1 212+10 300 1185.4 669.7| 1185.7 516.0 2.297 2.4 164 | 253 Ja0d) 11
35 17-Mar-52 2 verif. 11827 BE67.0| 1183.4 516.2 2.291 2.7 16.6
i) 17-Mar-52 3| 197415 300 1187.4 670.5 1188.4 517.9 2.293 31 165 248 a7m "
39d 17-Mar-52 4 erif.
40a 19-Mar-52 1 178+50 300 1181.6 BE5.4| 1182.3 513.9 2.299 3.0 159 | 211 4062 11
40b 19-Mar-52 2 157400 300 1183.6 BE5.2| 1184.1 515.9 2.294 33 16.0 | 263 3980 11
4 20-Mar-52 1 134400 300 1177.3 BE9.0] 1175.4 509.4 2.311 42 147 222 3380 11
42 21-Mar-52 1 122450 300 1186.2 BE5.7| 1187.0 518.3 2.289 43 159 214 3229 1
43a 24-Mar-52 1 109+50 300 1184.2 B64.0] 1185.2 521.2 2272 4.6 16.6 | 272 4075 11
43b 24-Mar-52 2 95+40 300 1186.3 BBE5.9| 1187.1 521.2 2.276 43 164 | 260 Jooo) 11
44 25-Mar-52 1 74400 300 1183.7 BBES.4| 1184.8 519.4 2.279 4.4 165 | 273 4083 11
453 2B-Mar-52 1 BE3+00 300 11847 BEE.9| 1185.8 518.9 2.283 46 16.3 | 266 4000 11
45b 2B-Mar-52 2 45400 300 1182.7 BE3.9| 1183.9 520.0 2.274 4B 162 272 4075 11
4Ba 27-Mar-52 1 33400 300 1186.0 B70.7| 1189.8 519.1 2.285 49 157 295 34000 11
4Bb 27-Mar-52 2 40+00 300 11847 BE4.9] 1185.4 520.5 2.276 48 163 241 3629 11
47 28-Mar-52 1 77400 300 11846 BE7.1| 11857 518.6 2.284 47 158 | 249 3743 11
483 30-Mar52 1 94400 300 1179.2 BE4.3] 1181.3 517.0 2.281 45 15.8 | 266 4000 11
48b 30-Mar52 2(  107+00 300 1182.6 BE4.9] 1183.7 518.8 2.280 4.4 159 281 42000 11
483 31-Mar52 1 128+00 300 1186.0 GE4.4| 1187.4 523.0 2.268 5.0 16.3 | 264 37 11
45b 31-Mar52 2 143+10 300 1185.4 BE7.8| 1186.4 518.6 2.286 14 187 279 4171 1
S04 01-Apr32 1 258+00 300 1184.6 BE7.9| 1185.2 517.3 2.290 3.4 15.8 | 259 3886 11
50b 01-Apr-32 2| 266+20 300 11826 664.9] 1183.3 518.4 2.282 45 16.0 | 266 4000 11
Sla 02-Apr-32 1 293+10 300 1174.9 B657.7| 1175.6 517.9 2.269 45 16.4 | 293 4300 11
51b 02-Apr-32 2| 305+10 300 1179.7 664.9] 1 180.6 515.7 2.288 4.1 16.0] 253 Jaoe 11
523 03-Apr-32 1 323450 300 1184.5 664.9] 1187.3 522.4 2.267 4.4 16.7 | 268 4038 11
52b 03-Apr-92 2| 33640 300 1186.9 BE7.9| 1187.8 519.9 2.283 42 16.3 | 280 4186 11
53a 07-2pr-g2 1 358+10 300 1179.4 663.0| 1180.7 517.7 2278 4.0 16.2 | 245 3686 11
53b 07-2pr-g2 2| 362+70 300 11827 B64.1| 1183.8 519.7 2.6 4.4 163 260 Jooo 11
53b 07-Apr-92 3| 373480 300 1183.9 BE7.9| 1184.7 511.8 2.291 3.7 159 | 278 4187 11
543 08-Apr-92 1 399400 300 1179.9 BE2.7| 1180.8 518.1 2HT7 448 16.3 | 256 3843 11
54b 08-Apr-92 2( 404400 300 1181.7 B63.9| 1182.5 516.6 2279 4.6 16.1 | 266 40000 11
S4c 08-Apr-92 3| 416410 300 1184.6 BES.7| 1185.6 519.9 2.279 43 16.0 | 260 39000 11
55a 08-Apr-92 1|WELCOME 300 11827 BE61.1| 1184.0 522.9 2.262 5.3 16.2 | 240 3614 11
55b 08-Apr-g2 2 300 1181.6 BE0.9| 1182.2 522.0 2.264 5.2 16.1 | 229 3457 11
fBa 10-Apr-92 1]WC APR R 300 1180.9 BE1.56| 1181.9 520.4 2.269 45 16.4 | 251 377 11
5Bb 10-Apr-92 2 300 1185.0 BE3.6| 1186.1 5225 2.268 45 16.4 | 270 408500 11
a7 11-Apr92 1 162+10 300 1182.7 BE4.9] 1183.7 518.9 2.280 42 161 267 4012 11
5Ba 13-Apr92 1 191400 300 1177.3 BES.9| 1179.9 514.0 2.290 33 157 | 280 4186 11
58b 13-Apr-92 2| 209+00 300 11816 BE2.1| 1182.3 520.8 2.269 46 16.4 | 264 397 11
554 15-Apr-92 1 221400 300 1180.0 BBES.4| 11811 515.7 2.288 39 189 270 4050 11
55b 15-Apr-92 2| 235400 300 1183.6 BE4.9| 11846 519.7 2.278 46 16.0 | 267 42 11
B0a 16-Apr-82 1 272400 300 1178.2 BE2.5| 1179.4 516.9 2.280 3.8 162 210 3171 11
B0b 16-Apr-82 2| 283+25 300 1181.7 BE4.5| 1182.7 518.2 2.280 41 161 249 3743 11
B0 16-Apr-82 3] 295400 300 1183.9 BE7.O| 1184.2 516.3 2.293 31 16.1 | 258 3871 11
Bla 17-Apr-82 1 327450 300 1176.2 BE1.7| 1177.3 515.6 2.281 35 164 276 4129 11
Glb 17-Apr-82 2[ 344400 300 1184.6 BE4.9] 1185.7 520.8 2.275 4.4 16.2 | 288 4312 11
623 21-Apr32 1 377+HI0 300 1191.5 B76.5] 1193.1 516.8 2.306 25 15.4 | 260 3200 11
G2b 21-Apr32 2 300 1186.6 669.7| 1187.6 517.9 2.291 kN 16.0 | 266 4000 11
B2c 21-Apr32 3 300 1183.7 6E66.9| 1184.5 517.6 2.287 33 16.1 | 250 3rer 11
63a 22-Apr32 1|RAMP #3 300 1190.9 674.68] 11921 517.3 2.302 3n 15.7 | 260 4186 11
B3b 22-Bprg2 2 300 1188.6 670.3] 1187.5 517.2 2.298 3.3 15.8 | 274 41000 11
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CHARACTERISTICE OF LABORATORY

Table 20. Laboratory data set 3.

COMPACTED SPECIMENS

(MT-34 8 MT-35)

LOT OATE SAMPLE STATION| ASPHALT MOISTURE CORRECTION I MAZIMUNM SPECIFIC GRAVITY
NO. NUMBER NUMBER| CONTENT (AASHTO:TT10) CORRECTED [AASHTO: T205) MAXIMUR
GUAGE | SAMPLE| WT % MOISTURE [ ASPHALT | SAMPLE | CAL FINAL SPECIFIC
(hT-B) T, WYATER CONTENT [ WEIGHT [ WEIGHT | WEIGHT | WOLUME |GRAVITY
1a 08-Oct-I1 1 6.20 00 02 0.04 B16 | 103000 490438 4998.1 4367 2358
1h 08-Oct-91 2 B.16 2.358
2a 05-Oct-91 1 5.78 a00 0z 0.04 574 | 10353 44045 50063 4318 2.358
2b 08-0ct-31 2 574 2.388
2o 08-0ct-31 3 574 2.388
2d 09-Oct-91 4 574 2398
2apm 09-Oct-91 1 578 s00 02 0.04 575 10456 44048 50134 437.0 2393
2bpm 05-Oct-91 2 578 2.393
2ecpm 05-Oct-91 3 578 2.393
Jaam 10-Oct-91 1 6.73 500 02 0.04 569 10403 44048 50060 4391 2.369
3bam 10-Oct-91 2 5.69 2.369
3cam 10-Oct-91 3 589 23689
3dam 10-Oct-91 4 5639 23689
3apm 10-Oct-91 1 5.99 a00 02 0.04 5595 | 10893 44048 50331 461.0 2.3683
3bpm 10-Oct-91 2 555 2.3683
Aaam 11-0ct-91 1 401410 5.76 500 0z 0.04 572| 10869 44048 50305 461.2 2.357
4barm 11-0ct-91 2 3E0-+10 572 2367
dcam 11-Oct-91 3 5.94 s00 02 0.04 590 10720] 44048] 50247 4521 2371
4dam 11-Oct-91 4 5.90 2371
5a 14-Oct-91 1 ITA+E 6.12 00 02 0.04 B08 | 10640 440438 50166 4522 2353
ah 14-0ct-91 2 363440 B.08 2.353
ac 14-0ct-91 3 5.80 a00 0z 0.04 576 | 10452 44045 50104 4396 2578
fals| 14-Oct-91 4 576 2378
Ga 15-0ct-91 1 J35+50 6.00 500 02 0.04 5.96
J51] 15-Oct-91 2 323+00 5.96
51 15-Oct-91 3 6.07 s00 02 0.04 B.03
Bd 18-0ct-91 4 B.03
7a 16-Oct-91 1 295480 674 a00 02 0.04 670 1046.2) 44048 50071 4439 2357
7hb 16-Oct-91 2 277 +HI5 5.50 500 02 0.04 584 11274] 44048 505689 476.3 2367
a 17-0ct-91 1 260+10 5.51 500 02 0.04 547 | 10162 44048 48907 430.3 2362
gh 17-Oct-91 2 237 +40 5.51 551 10432 44048] 50120 436.0 2392
9a 18-Oct-91 1 215460 570 570 10923 44048 50347 452.4 23682
9hb 18-0ct-91 2 207435 6872 572 10251 44048 485957 4342 25361
10a 21-Oct-91 1 184+60 6.22 BZ22| 1040.9) 44051 50066 439.4 2.369
10k 21-0ct-91 2 164410 572 572 10189 44051] 489924 4316 2361
11a 22-0ct-91 1 137 +50 5.76 576 10389 44061 50067 439.3 2367
11h Z2-0ct-91 2 123+00 579 579 10218] 44061 48970 429.9 2377
e Z2-0ct-91 3 WERIFY 578 579 10218 49970 429.9 2377
12 24-0ct-I1 1 91+00 5.73 573 10487) 44051 50128 4410 2378
13a 25-0ct-91 1 71485 674 574 | 10356 44051 50048 4359 2378
13b 25-Oct-91 2 58+25 574 674 1066.4) 44061 5019.1 452.4 2.357
14 26-0ct-91 1 34410 5.50 556 | 10128] 44061 48923 425.6 2,380
15 28-0ct-91 1 RAMP 8.15 516 10400] 440561 50114 433.7 2.388
16 (0B-Now-31 1 50 572 s00 02 0.04 S8 | 10713 44091 50286 451.8 2371
17 07-Now-31 1 45+15 5.83 s00 02 0.04 579 10281 44091 50045 432.7 2378
18a 12-Now91 1 65410 5.62 a00 02 0.04 558 | 1031.00 44098 50073 43348 2378
18h 12-Now91 2 77+20)  547.00 a00 02 0.04 543 | 10363 44098 5011.2 4349 2.383
19a 13-Maw-91 1 5410 5.46 500 02 0.04 542 10430] 44088 50153 4375 2304
19b 13-Maov-91 2 420410 837 500 02 0.04 533 10564] 440848 501846 446.7 2.363
19c 13-Mow-91 3 110+30 5.51 s00 02 0.04 547 | 10401 44098 50108 4391 23689
20a 14-Mow-91 1 121435 571 s00 02 0.04 567 | 1081.1] 44098 50351 455.8 2372
20hb T4-Now-91 2 131450 5.68 a00 02 0.04 H64 | 105885 44098 50248 4435 2387
20c T4-Now-91 3 135485 673 a00 02 0.04 569 | 103056 44098 50063 4340 2374
21a 15-MNow91 1 397475 5.03 500 0z 0.04 4599 | 105686 44006 50207 447 6 2.365
21h 15-Mav-91 2 168+50 8.75 500 02 0.04 5.71 10276] 44088) 50025 434.9 2.363
e 15-Mow-91 3 371450 5.58 s00 02 0.04 5584 | 10328] 44098 50065 4361 2.368
22 16-Mow-91 1 JEB+55 5.68 s00 0.0 0.04 S84 | 10365 44098 50096 436.7 2373
23a 18-MNow91 1 178+00 5.73 00 02 0.04 SB9| 10777) 44098 50324 455.1 2.368
23hb 18-Now-91 2 195410 570 a00 02 0.04 HB6 | 1049.4) 44098 50173 4419 2375
24a 15-Now-51 1 351410 5.75 a00 0z 0.04 571 1016.0) 44086 485921 4337 2543
24h 19-Mov-91 2 J33+30 5.65 500 02 0.04 565 | 10437 440848 501048 443.0 2.366
25a 22-MNov-31 1 324+10 5.94 500 02 0.04 590 10096 440948 49098 429.6 2.3680
25h Z2-Now-31 2 226400 597 s00 02 0.04 593 10367 44098 S0068 439.7 2358
263 Z3-Now-31 1 285+25 5.58 s00 02 0.04 555 10443 44098 50125 4416 2365
26h 23-Mov-91 2 5.67 a00 02 0.04 563 | 10336 44098 50056 4378 25361
27| 06-Dec-91 1 512410 5.48 a00 0z 0.04 544 | 10316 44098 50082 4332 25681
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Table 20. Laboratory data set 3 (continued).

CHARACTERISTICE OF LABORATORY

COMPACTED SPECIMENS

(MT-34 8 MT-35)

LoT DATE SAMPLE STATION | ASPHALT MOISTURE CORRECTION I MAKIMUM SPECIFIC GRAVITY
s} NUMBER | MUMBER | CONTENT (AASHTO:TTO) CORRECTED (AASHTO: T2049) MAKIMLIM
GUAGE | SAMPLE| WT. % MOISTURE [ ASPHALT | SAMPLE | CAL FiNAL SPECIFIC
(hT-B) T, WYATER CONTENT [ WEIGHT [ WEIGHT | WEIGHT | WOLUME |GRAVITY
28]  07-Dec 1 EXIT#1 5.85 s00 0.0 0.04 581 10393 44095 50126 436.5 2381
29|  09-Dec-91 1 EXIT#1 5.53 500 0z 0.04 549 | 10126 4147.0] 47347 4249 2383
a0 10-Dec-91 1 25+20 8.67 500 02 0.04 563 | 10432 41470] 475146 436.7 2378
3 11-Dec-91 1 10-+00 5.82 s00 02 0.04 578 1051.4] 41470] 47572 441.2 2383
32 12-Dec-91 1 103+30 53 s00 02 0.04 527 | 10375 41470] 47445 440.0 2358
33 09-Mar-92 1 111425 5.87 500 02 0.04 583 | 10558 41440] 47544 445.4 2370
34 10-Mar-92 1 2EB+50 5.50 s00 02 0.04 546 10371 41440] 47485 4326 2397
36 12-tdar-92 1 268+50 6.83 500 02 0.04 579 10689 41440] 47646 4453 2304
J6a 13-tdar-92 1 248+50 5.96 500 02 0.04 592 10302 41440] 47403 433.9 2374
36k 13-tar-92 2 228+40 5.88 s00 02 0.04 584 1011.4] 41440 47301 4253 2378
37 14-tar-92 1 21B+75 5.65 s00 0.1 0.02 583 10156 41440 47301 429.5 2365
38a 16-Mar-92 1 210+35 5.53 s00 0.1 0.0 5581 10726] 41440] 47399 446.6 2.401
38h 16-Mar-92 2
e 16-tdar-92 3 138-+10 6.78 500 0.1 0.02 576 10406] 41440] 47459 435.7 2,368
39a 17-tar-92 1 212+10 6.51 s00 0.1 0.02 B49 | 10816 41440 47661 459.5 2354
3%k 17-tar-92 2 6.55 s00 0.1 0.02 B.53
39c 17-Mar-92 3 197 +15 6.52 500 0.1 0.02 BE0| 10135] 41440] 47294 428.1 2367
39d 17-Mar-92 4 6.48 s00 0.1 0.0 B.46
40a 18-tar-92 1 178450 6.05 500 02 0.04 BO05| 10308 41440] 47387 435.1 2.369
40k 18-tdar-92 2 167 +10 6.05 500 02 0.04 6.01 1016.7) 41440 47321 426.6 2372
4 20-Mar-92 1 134+00 527 s00 0.1 0.02 525 10035 41440] 47317 415.8 2413
42 21-Mar-92 1 122450 5.68 s00 0.1 0.02 SBE| 10265 41440] 47416 4289 2393
43a 24-Mar-92 1 109+50 5.81 s00 0.1 0.0 579 | 10676 41440] 47633 448.3 2381
43h 24-Mar-92 2 95+40 5.67 500 0.1 0.02 565 10407 47472 4375 2379
44 26-tar-82 1 74410 5.96 500 0.1 0.02 594 10619 41440] 47605 445.4 2304
45a 26-Mar-92 1 G310 683 500 0.1 0.02 5.81 10600] 41440] 47727 451.3 2383
45k 26-Mar-92 2 45400 5.36 s00 0.1 0.02 534 10376 41440] 47462 435.4 2283
463 27-Mar-92 1 33400 530 500 0.1 0.02 528 | 10325] 41440] 474638 429.7 2.403
46b 2-Mar-92 2 40400 5.62 s00 0.1 0.0 560 10197 41468 47402 426.3 2392
47 28-tar-82 1 770 5.28 500 0.1 0.02 527 | 10226 41468 47428 426.6 2387
48a 30-tar-92 1 24410 5.28 500 0.1 0.02 526 10619 41468 47642 444 .5 2309
48k 30-Mar-92 2 107 +00 53 s00 0.1 0.02 529 10227 41468] 47409 428.6 2388
493 3-Mar-92 1 128+00 528 s00 0.1 0.02 526 10369 41468 47493 434.4 2387
49h 31-Mar-92 2 143+10 537 s00 0.1 0.0 535 10607 41465 47641 443.4 2392
S0a 01-Apr-92 1 253+00 5.60 500 0.1 0.02 558 | 10268 41465 47405 433.2 2.370
alb 01-Apr-92 2 265+20 5.40 500 0.1 0.02 546 | 10379 41468] 47503 434.4 2309
S1a 02-Apr-92 1 28300 5.40 500 0.1 0.02 536 1021.4] 41468] 473856 429.7 2377
51k 02-Apr-92 2 305+10 5.74 s00 0.1 0.02 572 10079] 41468 47321 4226 2385
52a 03-Apr-92 1 323+50 5.62 500 0.1 0.02 560 | 10352 41468 47453 436.7 2371
52h 03-Apr-92 2 33600 5.87 s00 0.1 0.0 585 10217 41468 47396 4289 2382
53a OF-Apr-92 1 368-+10 5.56 500 0.1 0.02 584 10189 41468 47362 429.5 2372
53b 07 -Apr-92 2 362+70 6.62 500 0.1 0.02 560 10304] 41468 47443 432.9 2,380
53b 07-Apr-92 3 373480 577 s00 0.1 0.02 575 10393 41468] 47490 437 1 2378
S4a 08-Apr-92 1 399+00 5.58 s00 0.1 0.02 557 10475] 41468 47551 439.2 2385
54h 08-Apr-92 2 404+00 5.47 s00 0.1 0.0 545 | 10371 41468 47496 4345 2.388
S4c 0&-Apr-92 3 416-+00 5.42 500 0.1 0.02 540 | 10276 41465 47425 431.6 2351
S5a 03-Apr-92 1 WELCOME 4.85 500 0.1 0.02 483 10035 41468] 47303 420.0 2309
S5h 03-Apr-92 2 4.87 500 0.1 0.02 485 | 10035] 41468] 473046 419.8 2.380
Sha 10-Apr-92 1 |WC APR RMP 535 s00 0.1 0.02 533 10227 41468] 47393 430.2 2370
S6h 10-Apr-92 2 538 500 0.1 0.02 537 10371 41468 47470 436.9 2374
a7 11-Apr-92 1 162+10 5.47 s00 0.1 0.0 545 | 10441 41468 47520 438.9 2379
Sa 13-Apr-82 1 181400 0.52 500 0.1 0.02 580 10167 41463 47322 4208 2.369
ah 13-Apr-82 2 20910 0.44 500 0.1 0.02 542 10371] 41463 474646 435.9 2379
593 15-Apr-92 1 221400 5.60 s00 0.1 0.02 558 | 10419] 41453 47498 4374 2382
9k 15-Apr-92 2 236+00 528 s00 0.1 0.02 527 | 10264 41453 47417 430.0 2387
Bla 16-Apr-92 1 272400 5.62 s00 0.1 0.0 560 | 10196 41453 47349 430.0 2371
BOb 16-Apr-92 2 283+25 5.52 s00 0.1 0.0 550 10364] 41453 47457 436.0 2377
Blc 16-Apr-92 3 285410 6.03 500 0.1 0.02 6.01 10747 41453 47658 454.2 2.366
Bla 17-Apr-82 1 327 +50 5.95 500 0.1 0.02 593 10325] 41453 47410 436.8 2.364
Bih 17-Apr-92 2 344400 5.48 s00 0.1 0.02 S46 | 10166 41453 47346 4273 2379
B2a 21-Apr-92 1 377400 5.86 500 0.1 0.02 584 | 10286 41453 47387 435.2 2.364
B2h 21-Apr-92 2 5.86 5.84 2.364
b2c 21-Apr-92 3 6.85 500 0.1 0.02 583 101146] 41463 47281 4277 2.365
Bla 22-Apr-92 1 RAMP #3 5.94 500 0.1 0.02 592 10685 41457 47640 450,58 2372
B3b 22-Apr-92 2 5.93 00 0.1 0.02 591 10407] 41453] 47482 437.8 2377
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SPECIFICATIONS
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MISSISSIPPI STATE HIGHWAY DEPARTMENT

SPECIAL PROVISION NO. 907-402-2 CODE: (SP)
DATE: 7/3/91

SUBJECT:  Asphalt Pavement Surface Recycling

Section 907-402, Asphalt Pavement Recycling, is added to the 1990 Edition of the Missis-
sippi Standard Specifications for Road and Bridge Construction as follows:

SECTION 907-402 -- ASPHALT PAVEMENT RECYCLING

907-402.01--Description. This work consists of recycling in place existing bituminous
pavement in a simultaneous multi-step process of heating, milling, remixing, reshaping and
compacting the asphalt surface and blending of the scarified material with an asphalt reju-
venating agent and/or virgin hot bituminous plant mix as specified herein. All work shall be
in accordance with the applicable provisions of the Standard Specifications and in reason-
able close conformity with the requirements contained herein or established by the Engi-
neer.

907-402.02--Materials. Virgin materials used in the work shall meet the applicable require-
ments of Division 700 of the Standard Specifications.

The Department’s Personnel will take and evaluate roadway samples of the existing pave-
ment. Test results from this evaluation will be furnished to the Contractor for use in devel-
oping the job-mix formula. The Contractor may elect to obtain additional samples from the
existing pavement to supplement his job-mix formula development process. Regardless of
the data used, the Contractor shall be solely responsible for the accuracy of the final job-
mix formula.

The Contractor shall submit a proposed mix design to the District Testing Engineer for ap-
proval at least ten days prior to commencement of the work. The mix design shall have a
percentage of virgin bituminous plant mix sufficient to blend with the recycled materials and
produce a bituminous plant mix meeting the total voids in compliance with 401.02.2.2 and
the gradation requirements for SC-1 surface mix in compliance with 73.11.2, Table B. Ag-
gregate for the virgin bituminous plant mix shall consist of coarse sand and/or crushed
limestone.

The mix design submittal shall include as a minimum the following information:

1. Source of each virgin component.
2. The average asphalt content and average gradation of the existing pavement.
3. The target and proposed asphalt content, total voids, gradation and range of grada-

tion of the recycled mix, percentage of anti-stripping additive, if required, and the
amount of rejuvenating agent required.

The Contractor shall determine and recommend to the Engineer for approval the amount of
rejuvenating agent necessary to return the recovered asphalt cement penetration to a
minimum of 50 at 77°F (25°C) for 100 g for 5 seconds.
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907-402.03--Construction Requirements.
907-402.03.1--Equipment.

907-402.03.1.1--Preheater. The preheater shall be a self-propelled unit consisting of multi-
ple rows of infrared heaters, of a type specifically designed to heat the upper layer of as-
phalt pavement. Liquid propane gas shall be used for heating fuel. Direct or indirect open
flames shall not be allowed.

The preheater shall be capable of containing the generated heat in a manner that does not
damage trees, shrubs or other adjacent property and the traveling public.

The rows of heaters shall be spaced a maximum of 36 inches (914.4 mm) apart to effect
proper heat penetration to the desired temperature while causing no injury to the pavement
such as that occurring from overheating, coking or sooting of the asphalt binder and aggre-
gate.

The heater assembly shall be design such that it may be easily raised and lowered by a
single control. The heater shall be adjustable in width from 10 feet to 14 feet (3.05 m to
4.27 m).

907-402.03.1.2--Milling Unit. The milling unit shall be a rotation-milling drum and shall be
adjustable in width from 10 feet to 14 feet (3.05 m to 4.27 m). The unit shall be capable of
uniformly loosening the asphalt pavement to the depth specified and shall be equipped with
separate automatic height adjustments in order to clear obstructions in the pavement sur-
face. All milled material shall be augured into the center of the machine prior to entry into
the blending unit.

907-402.03.1.3--Recycling Machine. The recycling machine shall be self-contained and
specifically designed to reprocess existing bituminous pavement in place. The recycling
machine shall be equipped with additional heaters conforming to the requirements previ-
ously outlined for preheaters, under 907-402.03.1.1, Preheater. The resulting heated bitu-
minous pavement shall be between 225° and 300°F (107.2° and 148.9°C) prior to reproc-
essing.

907-402.03.1.4--Rejuvenating Agent Storage Unit. The storage unit shall be thermostati-
cally controlled to maintain the rejuvenation agent at a constant specified temperature be-
tween 100° and 325°F (37.8° and 162.8°C).

907-402.03.1.5--Spraying Unit. The spraying unit shall be a system that will uniformly de-
liver the rejuvenation agent, when required, at the approved rate for a forward speed that in
coincidental with the total recycling process. The spraying shall occur after the recycled
material is milled and before it enters the blending unit.

907-402.03.1.6--Blending Unit. The blending unit shall be a twin-shafted pugmill capable of
uniformly adding virgin bituminous plant mix when required and at an approved rate. The
unit shall be capable of thoroughly mixing the scarified material with rejuvenating agent
and/or virgin bituminous plant mix.

907-402.03.1.7--Screed and Initial Compaction Unit. The hot recycled material shall be
uniformly distributed to the required profile and cross slope by the use of a heated oscillat-
ing screed which must be an integral attached part of the recycling machine. The screed
shall be equipped with an adjustable crown control and each end of the screed shall have
hand-wheel adjusting screws and an approved automatic control device for laying the mix-
ture to the specified slope and grade.
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907-402.03.1.8--Rollers. Rollers shall meet the requirements of 401.03.5.

907-402.03.2--Construction Details. The Contractor shall provide a laboratory for daily
testing of the recycled materials. Test shall include asphalt content, maximum specific
gravity, percent density of the cores and penetration of recovered asphalt cement. Test
results shall be utilized in making adjustments to the application rates of the rejuvenating
agent and plant mix material. Adjustments will be subject to the approval of the Engineer.

Approval of the Engineer shall be obtained prior to the recycling of any material.

The pavement surface to be rehabilitated shall be cleaned of all dirt and other objectionable
material by blading, brooming, or other methods approved by the Engineer prior to begin-
ning the pavement recycling operations.

Temperature and weather conditions shall conform to the requirements of 401.03.1.1.
Compaction of the recycled mix shall be in accordance with 401.03.1.4.

907-402.04--Method of Measurement. Heating, milling and mixing of the existing pavement
will be measured by the square yard. Rejuvenating agents will be measured by the gallon.
Virgin bituminous plant mix will be measured by the ton. An anti-stripping agent, if required,
shall be an absorbed item and will not be measured for separate payment.

907-402.05--Basis of Payment. Heating, milling and mixing of the existing pavement will be
paid for at the contract unit price per square yard of the measured in-place recycled surface
area. This price shall include all materials (including anti-stripping agent if required),
equipment, and labor incidental with processing, placing and compacting the material.

Rejuvenating agent will be paid for at the contract unit price per gallon and shall include all
cost involved in use of the agent including handling, storage, temperature maintenance,
and spraying into the mix.

Virgin plant mix will be paid for at the contract unit price per ton and shall include all materi-
als, equipment and labor incidental with producing, blending, and placing the mix.

Payment will be made under:

907-402-A:  Surface Recycling of Existing

Bituminous Pavement (1% in. (38.1 mm) Thick) - per square yard
907-402-B:  Rejuvenating Agent - per gallon
907-402-C:  Virgin Hot Bituminous Mix - per ton
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